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LUBELUZOLE N-OXIDE 



5 The present invention is concerned with neuroprotection N-oxide forms of lubeluzole, 
compositions containing such N~oxide(s), methods of preparing these and their use as a 
medicine* in particular in die treatment of conditions involving cerebral hypoxia. 

In US-4,861 ,785 there are described bcnzoxazol- and benzothiazolamine derivatives 
to having anti-hypoxic and anti-anoxic activity. In WO-92/1 4,73 1 some of these 
benzothiazolamine derivatives were disclosed having useful anti-stroke activity. 
Injectable formulations of (SH-[(2-bcaaothiazoIyl) methylamino]-a-[(3,4^ifluoro- 
phenoxy)methyll*l-piperidine-ethanol (generically known as lubeluzole) are disclosed 
in European Patent application No. 94203422.4 filed 24 November 1994. 

15 

Conditions involving cerebral hypoxia comprise stroke, more in particular ischaemic 
stroke, intracerebral haemorrhage and subarachnoid haemorrhage, and head trauma. 
The treatment of conditions involving cerebral hypoxia currently consists mainly of 
neuroprotective and of hematologic therapeutic strategies. Optimal therapies remain 

20 to be determined. Such an optimized therapy for the treatment of hypoxia is the subject 
of the present invention* In particular, it concerns providing an N-oxide of lubeluzole, 
a pharmaceutical^ acceptable acid addition salt form, a solvate or a stereochemically 
isomeric form thereof, as a new medicine for the treatment of conditions involving 
cerebral hypoxia. The product is suitable for intravenous and intradermal 

25 administration by infusion which is the most appropriate route of administration for 
hypoxic patients, and also orally, which route is most suitable for maintenace therapy. 
Experiments with the cis N-oxide form of lubeluzole in an animal model test of acute 
stroke indicate that it has superior neuroproteciant activity over the compound 
lubeluzole. 

30 

The N-oxides of lubeluzole are meant to comprise those compounds wherein one or 
more of the nitrogen atoms are oxidized, in particular those wherein the piperidine 
nitrogen is oxidized. 

35 More in particular, the present invention is concerned with lubeluzole N-oxide, die cis 
and trans forms of which are represented by the following formulae : 
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Items. (S)l 



IWacortfcally acceptable acid addition salts comprise the meiapeuticaliy active 
non-toxic salt forms obtained by treating a base form with an acid such as. for example 
an inorganic acid, e^ hydrochloric, hydrobromic. sulfuric, nitric, phosphoric acid • or ' 
anorgaiucacid.e.g.acetfc.propaiKrfc.hy^ * 
succinic, mateic, rumaric. tartaric, citric, mcthanesulfooic, ethanesalfonic 
benzenesnMbnfc.p4ol« 

Solvates of hibemzok N-oxide are, for example hydrates, alcoholales. 

The cis-oriented N-oxide of lubeluzole is particularly preferred, and the most preferred 
form thereof is the bemihydrate, i.e. (-HcisJ lubeluzole N-oxide hemihydrate. 

TbeN-oxide(s) of lubeluzole can be prepared following art-known procedures of 
preparing oxides of nitrogen-containing products. They are conveniently prepared bv 
dissolving lubeluzole in a solvent and adding thereto a sufficient amount of a suitable 

° X ^!1^? CS ° f ^ 0XldantS TOh y*ogen P«^«de. Pcroxic acids, e.g. 
*-<*»oiopeibeiizc>icac^ Suitable solvents 

are. for example, water ««»halogenated hydrocarbons, in Ocular d^ 

Hereinafter, the amounts of each of the ingredients in liquid compositions are 
expressed as percentages by weight based on tl* total votaine of tte^ 
^otherwise indicated. Amounts in solid preparations are expressed as percentages 
by weight based on the total weight of the formulation, unless otherwise indicated. 

Ph*niuu*mtfcrfcom^ 

to the present invention comprise a pharmaceuticaJly effective amount of active 

ingiediemandtmeorniorepharma^ 

intheart. Ttejmannacouticalcoiiiporitio^ 
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(including intramuscular, subcutaneous, intradermal and intravenous) administration. 
The formulations are most conveniently presented in discrete dosage units. Generally, 
the pharmaceutical^ acceptable carrier for formulating the neuroprotectant Iubeluzole 
N-oxide as an infusion is an aqueous solution (a) comprising water ; an isotonizing 
agent ; and acid, base or buffer substances sufficient to adjust the pH of the solution in 
the range of from 2.5 to 3.6. 

In particular, die concentration of Iubeluzole N-oxide in die present solutions (a) may 
range from 0.005% to 5%, preferably from 0.01 % to 1 %, more preferably from 0.02% 
to 02% and in particular is about 0.05%. 

Further, die present solutions (a) conveniently comprise from 1 to 10% isotonizing 
agent. The use of glucose as isotonizing agent has the advantage that very clear 
solutions are obtained. Preferably, glucose is used in a concentration from 2 to 10%, 
most preferably of about 5%. 

The solutions (a) further comprise acid and base substances to maintain the pH of the 
solution in the range from 2JS to 3.6, preferably in the range from 3.0 to 3.4, most 
preferably at about 3.2. Preferably, the pH of the solutions (a) is adjusted by 
appropriate amounts of hydrochloric acid and sodium hydroxide. The pH may also be 
adjusted by buffer systems comprising mixtures of appropriate amounts of an acid such 
as phosphoric, tartaric or citric acid, and a base, in particular sodium hydroxide. 

In order to increase the solubility of Iubeluzole N-oxide in the present formulations, a 
solubilizcr may be used. Conveniently, a cyclodextrin (CD) or a derivative thereof 
may be used. Appropriate cyclodextrin derivatives are a-, p-, Y-cycIodextrins or ethers 
and mixed ethers thereof wherein one or more of the hydroxy groups of the 
anhydroglucosc units of the cyclodextrin are substituted with Ci^alkyl, particularly 

methyl, ethyl or isopropyl, e.g. randomly methylated p-cyclodcxtrin; hydroxy- 
Ci^alkyl, particularly hydroxyethyl, hydroxypropyl or hydroxy-butyl; carboxy- 
Ci^alkyl, particularly carboxymethyl or carboxyethyl; Ci^kyl-carbonyl, 
particularly acetyl; C}^alkyloxycarbonyIC]^alkyl or carboxyCi^alkyioxy- 
Ci^aDcyl, particularly carboxymethoxypropyl or carboxyethoxy-propyl; Cmsalkyi- 
carbonyloxyCi^alkyl, particularly 2-acetyloxypropyl. Especially noteworthy as 
solubilizers are p-CD, 2,6-dimethyt~P-CD, randomly methylated P-cydo-dextrin, 
2-hydroxyethyUP-CD, 2-hydroxyethyl-*fCD, 2-hydroxypropyl-^CD and 
(2H^uboxymethoxy)piopyKp*CD, and in particular 2-hydroxypropyl-p-CD. 
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The terai mixed ether denotes cyclodextrin derivatives wherein at least two 
cyelodextrin hydroxy groups are etherified with different groups such as, for examoie 
hydroxypropyiandhydroxyethyi. * * 

The average molar substitution (M.S.) is used as a measure of the average number of 
moles of alkoxy unto per mole of anhydrogiucose. The MS.value can be determined 
by v^ious^alyucaltechmquessuch as nuclear magnetic resonance (NMR). mass 
spectroineiiy(MS)a!rfinltau^ ^«amgonthetecli I uqueused. 
*»8My<H<&«ntval^ ^ 

cydodexum hydroxyalkyl derivatives for use in the compositions according to the 
ptesent invention the M^. as *termii 1 ed by inass spectre^ 
tol0.mp«icularofOJto3. W lrom03tolJ. Preferably the M.S. ranges from ' 
about 0.3 to about 0 *. in particular from about 0J5 to about 0.5 and most particularly 
« about OA. MS. values determined by NMR or IR preferably range from 0 3 to 1 j„ 
particular from 0.55 to 0.75. 

The average substitution degree (D.S.) refers to tbe average number of substituted 

hydroxylsperanliyAoglucoreoiut. TbeD^ value can be detennined by various 
•naly^ec^^ 

(MS) and infrared sr*ctroscopy (IR). Depending on tbe technique used, slightly 
different values may be obtained for one given cyclodextrin derivative. In the 
cyclodextrin derivatives for use in tbe compositions according to the present invention 
the DS. as determined by MS is in the range of 0.125 to 3, in particular of 0.2 to 2 or 
from0.2tol.5. Preferably the US. ranges from about 0.2 to about 0.7. in particular 
from about 0.35 to about 0.5 and most particularly is about 0.4. DS values 
detontined by NMR or IR preferably range from 0.3 to 1J„ particular from 0.55 to 

More particular 0- and royclodextrin hydroxyalkyl derivatives for use in the 
c^Wcwacco^mte 

derivatives wherein the average degree of alkylation at hydroxy! groups of different 
posnloos of the tmhyAogtacose units I«abo«0%tomfor tlre3position,2%to70% 
fortbe2posfconandabo»t5%to90^ Preferably the amount of 

unsubstituted fj- or ^cyclodextrin is less than 5% of tbe total cyclodextrin content and 
mparticularis less than 1.5%. Am^particulariyinteresttogc^^^ 
is randomly methylated P-cyciodextrin. 

Most preferred cyclodextrin derivatives for use fat the present invention are those 
partially substituted Cyclodextrin ethers or mixed ethers having hydroxyurea! 
hydroxyethyl and in particular 2-hydroxypropyl and/or 2-O-hvdroxypropyl) 
substituents. 
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The most preferred cyclodcxtrin derivative for use in the compositions of the present 
invention is hydroxypropyt-p^clodextrin having a MS. in the range of from 0.35 to 
0*50 and containing less than 1.5% unsubstituted p-cyclodextrin. M.S. values 
determined by NMR or IR preferably range from 055 to 0.75 . 

5 

In order to minimize the ride of adverse reactions, an intravenous (or intradermal) 
formulation preferably contains as few ingredients as possible, therefore, a 
formulation without a sohibilizer such as a cyclodcxtrin is preferred. Further, the 
neuroprotectant solution (a)prei£r^y^ Oral liquid 

10 formulations on die otter hand cM ; c&S^^ both a sohibilizer such as a cyclodcxtrin 
and one or more preservatives. 

In particular, the present invention relates to neuroprotectant solutions (a) comprising: 

(i) 0.005 to 5% lubelfizole N-oxtdc or a phahnaceutically acceptable addition salt or a 
15 solvate thereo^y 

(ii) 1 to 10% isotoniwrig agent; 

(iti) acid and/or base substances to adjust the pH in the range from 2.5 to 3 .6 ; and 
(iv) water q.s. ad 100%. 

20 Preferably, the invention relates to neuroprotectant solutions (a) comprising: 

(i) 0,01 to 1% lubeluzole N-oxide or a pharmaceutical^ acceptable addition salt or a 
solvate thereof; 

(ii) 2 to 10% glucose; 

(iii) hydrochloric acid and sodium hydroxide to adjust die pH in the range from 3.0 to 
25 3.4 ; and 

(iv) water q.s. ad 100%. 

Most preferably, the invention relates to neuroprotectant solutions (a) containing 
approximately : 
30 (t) 0.05%hiteluzo]eN^xideoraphann^ 
solvate thereof; 
(it) 5% glucose; 

(Hi) hydrochloric acid and sodium hydroxide to adjust the pH to about 3.2; and 
(iv) water qs. ad 100%. 

35 

The solutions (a) are sterilized using art-known techniques. 

The neuroprotectant solution (a) of the present product is conveniently used in the 
treatment of patients suffering from acute hypoxia. In general it is contemplated that 
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an effective treatment for acute hypoxia involves administering to the patient by 
infusion an amount of lubeiuzole N-oxide in the range of 10 to 30 ml of solution (a) or 
^ 5 to 15 n« of tins active ingredient during Diningthe 
following 24 hours about 4^ or 133% of that amount may be administered. That is 
one starts with a relatively high initial flow which is then lowered considerably. The 
maintenance dose may be administered for several consecutive days. 

Preferably about 15 ml of solution or about 7.5 mg of the active ingredient is 
adnmtistered by infusion during the first hour of therapy, followed by about 20 ml of 
sohitkmoraboutlOn«ofactiveingiedientA fife evident that 

said effective amount may be lowered or increased depending on the response of the 
treated subject and/or depending on the evaluation of the physician prescribing the 
compound of the instant invention. The effective amoum ranges memioned 
hereinabove are therefore guidelines only and are not intended to limit the scope or use 
of the invention to any extent. 

The lubeiuzole N-oxide solutions nuweonvenhmtly t»co-adiri^^ a 
physiological salt solution following to art-known infusion procedures. They may also 
be accompanied by administration of other anti-hypoxic drugs such as NMDA receptor 
antagonists, e.g. aptiganel, eliprodil, selfotel,tiriIazadorreinaceimde; 
^thrombolytics, e.g. tPA. streptokinase, staphylokinase. heparin or similar agents. 

Since the product is meant to be administered urgently to patients suffering from 
hypoxia, for example in the ambulance, emergency room or intense care unit, an 
infusion device or pack for the treatment of hypoxia conuxising the product together 
with a disposable, independent drive unit is considered to be a most useful 
intsentttionofmeprodto As independem drive 

units for powering syringes, in particular prefilledsyimges.thw 
gas-operated and vacuum-operated drive. An interesting gas-operated intradermal 
drug delivery device permitting delivery of a drag at a stow rate which can be 
precisely controlled is described in WO-95/13838. corresponding to US-5.527,288. 
The device comprises a housing with one or mc« drag reservoirs and a smgte hollow 
needle projecting outwards for a sufficient distance so as to penetrate through the 
stratum corneum and epidermis into die dermis when the housing is pressed against 
thesWn. The device can be of modular design consisting of disposable cartridge units 
comprising the depletable components (active ingredient, power source) and a reusable 
driveanit comprising amongst others the housing and the electronic controls. 
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The present invention evidently also concerns the use of a product as described 
hereinbefore for the preparation of a medicament for acute hypoxia treatment. 
Similarly, the present invention relates to a method of treating patients suffering from 
hypoxia, comprising administering to said patients a pharmaceutically effective 
amount of an N-oxide product as described hereinbefore. 

Experimental part 

£Ximj2i£Ll : Preparation of (-HcisJ lubeluzole N-oxide hemihydrate. 
To a stirred solution of lubehizole (I 1.6 g ; 27 mmol) in dkhioromethane (700 ml), 
cooled to -10°C, was added m-chloroperbenzoic acid (6.7 g ; 31 mmol). The reaction 
mixture was stirred for 24 hours, and men washed with an aqueous ammonia solution 
(2% ; 3 times) and water (3 times). The organis phase was dried on MgSO,, filtered 
and evaporated, yielding 9.6 of raw material The product (-)-[cis] lubeluzole N-oxide 
hemihydrate was purified by recrystallization from memylisopropyiketone 
(mp. 182.8-Q (yfcid'V 4.7 g ; 38.7%) = -8.73» (1% in methanol) (comp. 1). 

Example 2 : BamaHtegJai esawk 

The useful anti-hypoxtc properties of the product of the present invention can be 
demonstrated in the following test procedure. 

Post-Treatment in a Rat Photochemical simfcft ModcJ 

Male Wistar rats, weighing 260-280 g, were anesthetized with halothane in a N 2 Q/C>2 
mixture. The animals were placed in a stereotactic apparatus, the scalp was incised for 
exposure of the skuU surface, and a cauieier was iiiseited into a lateral tail vei^ Rose 
Bengal (30mg/kg; 15 mg/ml in 0.9% Nad) was infused intravenously for 2 minutes in 
aiiimals with normal hemodynamics and blood gases. Thereafter, the skull was focally 
Uluminated with cold while light for 5 minutes by means of a fiber-optic bundle inside 
a 1-mra diameter objective. The tight was aimed at the fiindlimb area of the right 
parietal sensorimotor neocortex. Five minutes after infarct induction (i.c 5 min after 
light offset), the rats are injected with either lubeluzole or lubeluzole N-oxide (comp. 1 ). 
Neurologic tests, involving limb placing reactions, were conducted on the first two 
days after infarction at 24-hour intervals after its induction. Tactile forward and 
sideways placing were tested by lightly contacting the table edge with the dorsal or 
lateral aspect of apaw (2 tests). Proprioceptive forward and sideways placing involved 
pushing the paw against the table edge in order to stimulate limb muscles and joints 
<2tests). Rats were also put along the edge of an elevated platform in order to assess 
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pmprioceptive adduction : a paw was gently pulled «^ and away ftomti^platf, 
edge, and, upon sudden release, k was checked for retrieval and placing ( 1 lest), 
l^each of tbeStests. placing^ 

placing; or 2. immediate, complete placing. For each limb, the summed 

are reported horn the deficient hindhmb contralateral to the neoconical infa... 
Six rats are used for each dose. 



compound ' 




/ ■ 

minimum 


maximum 


lubeluzok 


7.5 


6. 


to 


lubeluzofeN-oxide -. 


9.5 • 


8 


10 



these resuhs oho can conclude mat Ac test the lubehj2oIe 

N^de reaver betrerfo^ttetadu^^ 
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1. An N~oxide form of lubeluzole, a pharmaceutic^ 

form, a solvate or a stercochemically isomeric form thereof. 

2. An N-oxide according to claim 1 wherein die pipcridine nitrogen is oxidized 

3. AnN^xicfcaccoi^ 
the formulae : 




tcMS)] 




[nans. (S>] 



4. An N-oxide according to claim 1 wherein the compound is (->[cis] lubcluzolc N- 
oxidc hemihydratc. 

5. AfwocessofpieparfoganN-oxideof^ 

hibehttole in* solvent and adding thereto a sufficient amount of a suitable oxidant 

6. Aphantiaceutk^compodtkwcoi^ 

compound asdaiined m any om of clw 
carrier. 

7. A composition according to claim 6 adapted for oral or parenteral administration; 

8. A composition according to claim 7 wherein the N-oxide is formulated in an aqueous 
solution comprising water ; an isotonizing agent ; and acid, base or buffer substances 
sufficient to adjust the pH of the solution in the fange of from 2.5 to 3.6. 
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9. AcompodtionaccordingtocIaimSwhcreinite 
comprises : 

(!) °^*S%M*|»zoteN^^ 

or a solvate thereof; 
(ti) 1 to 10% isotonizing agent; 
(iii) ^^basesubstanceamadjust^ 

Ov) watery, ad 100%. ' 

10. Acoi»iH > dtiQ O accoidiii gto ^ 



(i) ™»«°l*fcbdu*oIeN^xk*^^ 

or a solvate thereof; 
(it) 2 to 10% glucose; 

<iii) hyo^loricacldandsodiomhydmxidetoadjust^ 
to 3.4 ; and 

(iv) water q.s. ad 100%. 

1 1 . A composition according to claim 8 wherein the ncuroprotcctant solution (a) 
comprises : 

(i) 0.05 % (w/v) lubeluzole N-oxide or a phannaccuUcally acceptable acid 
addition salt or a solvate thereof ; 

(ii) 5% (w/v) glucose ; 

(HQ hydrochloric acid and sodium hydroxide to adjust the pH to about 32 and 
(iv) water q.s. ad 100%. " * 



12. * composition *«»tfng^ 

l«^inanamountoffiom IOto30nd.aiidcon»risesabow5tol5iii e 
lubeluzole N-oxide. * 



13. A composition accoiding to claim g wherein the neuropiotectant solution (a) is 
present in an amount of about 15 ml. and comprises about 7.5 mg lubeluzole 
N-oxide. 



14. A«"*ositic*accot^ 

present in an amount of about 20 ml, and comprises about 10 mg lubeluzole 
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IS. An infusion device or pack for the treatment of stroke comprising an N-oxide 
product according to any one of claims 1 to 4, with a disposable, independent 
drive unit. 

5 16. An inftision pack according to claim IS wherein the independent drive unit is gas- 
operated or vacuum-operated. 

17. A product as claimed in. any one of claims 1 to 4 for use as a medicine. 

10 18: A product as claimed in claim 17 for use in the treatment of conditions involving 
cerebral hypoxia. 

19. A product as claimed in claim 17 for use in the treatment of stroke and head 
trauma. 

15 

20. A product as claimed in claim 17 for use in the treatment of ischaemic stroke, 
intracerebral haemorrhage and subarachnoidal haemorrhage. 
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